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(54) Image projection method and semiconductor device manufacturing method using the same. 



f57) An edge emphasis type phase shift reticle is 
illuminated obliquely, and zeroth order diffrac- 
tion light and first order diffraction light caused 
by a fine pattern of the reticle and having 
substantially the same intensity are incident and 
distributed on a pupil of a projection optical 
system, symmetrically with respect to a pre- 
determined axis, whereby the fine pattern is 
imaged with use of the zeroth order diffraction 
light and first order diffraction light 
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FIELD OF THE INVENTION AND RELATED ART 

This invention relates to an image projection 
method and a semiconductor device manufacturing 
method using the same. More particularly, the inven- 
tion is concerned with an improved image projection 
method suitable for forming on a wafer a circuit pat- 
tern of a linewidth not greater than 0.5 micron and with 
an improved semiconductor device manufacturing 
method based on such an image projection method. 

The degree of integration of each semiconductor 
device such as IC, LSI or the like has been increased 
more and more and, along this, the fine processing 
technique has been improved considerably. Particu- 
larly, the exposure technique which is the major proc- 
essing technique in semiconductor device manufac- 
turing processes has been advanced into a submicron 
region, with manufacture of 1 meg a- DRAM. A repre- 
sentative exposure apparatus therefor is a reduction 
projection exposure apparatus, called a stepper. It is 
not an overestimation to say that the resolution of 
such a stepper determines the future of semiconduc- 
tor devices. 

Conventionally adopted method for improving the 
resolution of the stepper is mainly to enlarge the nu- 
merical aperture (NA) of a projection optical system 
(reduction lens system). Since however the depth of 
focus of a projection optical system is in inverse pro- 
portion to the square of the NA, enlarging the NA re- 
sults in a decrease of the depth of focus, causing a dif- 
ficulty of forming on a wafer an image of good con- 
trast. In consideration of this problem, recently adopt- 
ed method for enhancing the resolution is to use 
shorter wavelengths for the exposure light, such as by 
using t-line light (365 nm) or KrF excimer laser light 
(248 nm) in place of g-line light (436 nm). This relies 
upon an effect that both the depth of focus and the re- 
sol u ton of an optical system increase in inverse pro- 
portion to the wavelength. 

On the other hand, independently of enlarging the 
NAof a projection optical system or using shorter wa- 
velengths of exposure light, there is a method of im- 
proving the resolution of a stepper by illuminating a re- 
ticle in a specific manner. An example according to 
this method is that a reticle is illuminated with the light 
which forms a ring-like effective light source (a virtual 
light source formed by zeroth order light) at a pupil of 
a projection optical system. With this method, diffrac- 
tion light (zeroth and first orders) produced by a circuit 
pattern of a reticle can be projected onto the pupil of 
the projection optical system. 

Another method for improving the resolution, hav- 
ing been considered preferably, is to use a phase shift 
reticle (mask). According to this method, a mask of 
conventional type is locally partly provided with a thin 
film that imparts to light incident on it a phase shift of 
1 80 deg. relative to the light incident on the remaining 
portion. Many types of such phase shift reticles have 



been proposed, as referred to in a paper by Fukuda 
et al ("Nikkei Microdevices", July 1990). A particular 
phase shift reticle as proposed by Levenson of IBM 
corporation and called by Fukuda et al as "spatial fre- 

5 quency modulation type", may have an advantage of 
an enhancement in depth of focus of 50 - 100 % and 
an enhancement in resolution of 40 - 50 %. However, 
the phase shift reticle of spatial frequency modulation 
type involves the problems of: 

10 (1) Unestablished technique for forming a phase 

shift film; 

(2) Unestablished CAD technique optimized to a 
phase shift film; 

(3) Existence of a pattern to which no phase shift 
15 film can be put; and 

(4) Unestablished technique for inspection and 
correction. 

Under these circumstances, the phase shift reti- 
cle method can not be easily practiced in the semicon- 

20 ductor device manufacturing processes. 

On the other hand, there is another type phase 
shift reticle which is called in the aforementioned pa- 
per as "edge emphasis type". This type of phase shift 
reticle has some advantages over the spatial frequen- 

25 cy modulation type phase shift reticle in the point of 
easiness in manufacture and wideness in applicabili- 
ty: that it does not need complicated manufacturing 
processes, and that there is no pattern to which a 
phase shift film can not be put (as contrasted to the 

30 case of the spatial frequency modulation type) and, 
therefore, the method can be applied to complicated 
peripheral circuit portions. 

SUMMARY OF THE INVENTION 

35 

As discussed in the foregoing, conventional im- 
age projection methods have respective problems in 
practice, and an improved image projection method 
which assures enhancement of resolution is desired. 

40 It is accordingly an object of the present invention 

to provide an image projection method wherein a fine 
pattern of an original is illuminated and diffraction light 
caused by the pattern is projected to a pupil of a pro- 
jection optical system, for projection of an image of the 

45 fine pattern, and wherein an edge emphasis type 
phase shift reticle is used as the original .and the re- 
ticle is illuminated with the light which forms at the pu- 
pil an effective light source having a higher intensity 
at its peripheral portion than at its central portion. This 

so assures in a simple manner sufficient enlargement of 
the depth of focus and resultant enhancement of re- 
solution. 

It is another object of the present invention to pro- 
vide a semiconductor device manufacturing method 
55 wherein a circuit pattern of an original is illuminated 
and diffraction light caused by the pattern is projected 
to a pupil of a projection optical system, for projection 
and transfer of an image of the circuit pattern onto a 
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wafer, and wherein an edge emphasis type phase 
shift reticle is used as the original and the reticle is il- 
luminated with the light which forms at the pupil an ef- 
fective light source having a higher intensity at its per- 
ipheral portion than at its central portion. This assures 5 
in a simple manner sufficient enlargement of the 
depth of focus and resultant enhancement of resolu- 
tion. 

In one preferred form of the present invention, the 
effective light source may comprise a ring-like effec- 10 
tive light source of substantially circular or rectangular 
shape, having a center coinciding with the center of 
the pupil. In another preferred form of the present in- 
vention, the original may be illuminated with the light 
that forms an effective light source at the pupil which 15 
light source has portions, defined respectively in four 
quadrants of an x-y coordinate system having its ori- 
gin coincident with the center of the pupil and having 
its x and y axes extended along longitudinal and trans- 
verse patterns of the fine pattern, each light source 20 
portion providing higher light intensity than that at the 
center of the pupil and that on the x and y axes. 

In this specification, the term "edge emphasis 
type phase shift reticle" means an original wherein a 
phase shift film is so formed that zeroth order diffrac- 25 
tion light and first order diffraction light to be caused 
by a pattern of a certain linewidth have substantially 
the same intensity (amplitude). 

These and other objects, features and advantag- 
es of the present invention will become more apparent 30 
upon a consideration of the following " description of 
the preferred embodiments of the present invention 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 35 

Figure 1 is a schematic view for explaining imag- 
ing of a fine grating pattern. 

Figures 2A - 2C are schematic views each show- 
ing a light quantity distribution of diffraction light at a 40 
pupil of a projection lens system where a particular re- 
ticle is illuminated perpendicularly, wherein Figure 2A 
corresponds to a case where a conventional reticle is 
used, Figure 2B corresponds to a case where a spa- 
tial frequency modulation type phase shift reticle is 45 
used, and Figure 2C corresponds to a case where an 
edge emphasis type phase shift reticle is used. 

Figures 3A - 3C are schematic views each show- 
ing a light quantity distribution of diffraction light at a 
pupil of a projection lens system where a particular re- so 
tide is illuminated obliquely, wherein Figure 3A corre- 
sponds to a case where a conventional reticle is used, 
Figure 3B corresponds to a case where a spatial fre- 
quency modulation type phase shift reticle is used (for 
comparison) and is illuminated perpendicularly, and 55 
Figure 3C corresponds to a case where an edge em- 
phasis type phase shift reticle is used. 

Figure 4 is a schematic view of a semiconductor 



device manufacturing projection exposure apparatus 
to which a method according to present invention is 
applied. 

Figures 5 A and 5B are schematic views for ex- 
plaining the operation of the present invention, where- 
in Figure 5 A shows pairs of zeroth order light and first 
order light at a pupil, when a longitudinal pattern of an 
edge emphasis type phase shift reticle is imaged, 
while Figure 5B shows the structure of such an edge 
emphasis type phase shift reticle. 

Figures 6 A and 6B are schematic views for ex- 
plaining an image projection method according to a 
first embodiment of the present invention, wherein 
Figure 6A shows a tight quantity distribution of an ef- 
fective light source at a pupil, while Figure 6B is a 
graph showing the relationship between the depth of 
focus and the resolution of an imaging system attain- 
able with this embodiment 

Figures 7A and 7B are schematic views for ex- 
plaining an image projection method according to a 
second embodiment of the present invention, wherein 
Figure 7 A shows a light quantity distribution of an ef- 
fective light source at a pupil, while Figure 7B Is a 
graph showing the relationship between the depth of 
focus and the resolution of an imaging system attain- 
able with this embodiment 

Figures 8A and 8B are schematic views each 
showing an effective light source forming in the neigh- 
bourhood of a light exit surface of an optical integra- 
tor, wherein Figure 8A corresponds to a case where 
an effective light source such as shown in Figure 6A 
is formed, while Figure 8B corresponds to a case 
where an effective light source such as shown in Fig- 
ure 6 B is formed. 

Figure 9 is a schematic view of a modified form 
of the apparatus of Figure 4. 

Figure 1 0 is a schematic view of another modified 
form of the apparatus of Figure 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An integrated circuit pattern for use in manufac- 
ture of semiconductor devices is mainly composed of 
longitudinally and transversely extending basic linear 
patterns. This is because the design of an integrated 
circuit is based on longitudinal and transverse direc- 
tions, namely, x and y directions and, as a result the 
pattern of the integrated circuit is much formed by pat- 
terns extending in x and y directions. In consideration 
of this, in an embodiment to be described below, such 
a feature of an integrated circuit pattern and the char- 
acteristic of a diffraction pattern by an edge emphasis 
type phase shift reticle are "combined", and the illu- 
mination method is so arranged that a diffraction pat- 
tern to be produced by an integrated circuit pattern of 
an edge emphasis type phase shift reticle becomes 
analogous to a diffraction pattern to be produced by 
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an integrated circuit pattern of a frequency modula- 
tion type phase shift reticle, by which considerable im- 
provement in frequency characteristic in image pro- 
jection is assured. 

Before referring to some embodiments, descrip- 
tion will first be made to the manner of imaging of a 
fine pattern, in cases where a conventional reticle, a 
frequency modulation type phase shift reticle and an 
edge emphasis type phase shift reticle are used, re- 
spectively. 

Figure 1 shows the manner of imaging of a grating 
pattern 6 having a pitch 2d, when it is illuminated in a 
perpendicular direction. Diffraction light of zeroth or- 
der and positive and negative first orders is incident 
on a pupil (aperture stop) 1 of a projection optical sys- 
tem 7, and diffraction light of these orders from the 
projection optical system 7 forms a pattern image on 
an image plane. Where the pitch of the grating pattern 
6 is small, the light quantity distribution of the diffrac- 
tion light at the pupil 1 determines the resolution of the 
projection optical system 1. 

Figures 2A - 2C each shows a light quantity dis- 
tribution of diffraction light of different orders, distrib- 
uted on the pupil 1 (Figure 1), the distribution being 
represented with the position and size of each hatch- 
ed circle. Figure 2A corresponds to a case where the 
grating pattern is formed on a conventional reticle, 
Figure 2B corresponds to a case where it is formed 
on a frequency modulation type phase shift reticle, 
and Figure 2C corresponds to a case where it is 
formed on an edge emphasis type phase shift reticle. 
In Figures 2A - 2C, reference characters 3a, 4a and 
5a each denotes distribution of zeroth order light; 
whereas distribution of positive first order light is de- 
noted at 3b, 4b or 4b while distribution of negative first 
order light is denoted at 3c, 4c or 5c. It is seen from 
these drawings that in the case of frequency modula- 
tion type phase shift reticle, as compared with the 
conventional reticle, the zeroth order light 4a is extinct 
and only the positive and negative first order lights 4b 
and 4c are present. In the case of edge emphasis type 
phase shift reticle, while the positions of diffraction 
lights of these orders are the same as those in the 
case of conventional reticle, the intensity ratio among 
the zeroth order and positive and negative first order 
diffraction lights is substantially even, as contrasted 
to the case of conventional reticle. Character "a" in the 
drawings denotes the spacing between adjacent dif- 
fraction lights. In the case of frequency modulation 
type phase shift reticle, to be exact the extinction of 
the zeroth order light occurs provided that the phase 
shift film is formed very accurately so that the portion 
of the grating pattern with phase shift film and the por- 
tion of the grating pattern without phase shift film 
have the same transmission area. For convenience in 
explanation, however, an idealistic case is illustrated 
here. 

In the frequency modulation type phase shift re- 



ticle, distribution of diffraction light on the spatial fre- 
quency plane (i.e., pupil plane) has characteristic fea- 
tures that (1) the frequency is reduced to a half and 
that (2) no zeroth order light is present However, 
5 other than those, the applicants have paid particular 
attention to the points that the spacing "a" on the pupil 
plane between the two diffraction lights 4c and 4d of 
the frequency modulation type phase shift reticle is 
substantially equal to the spacing "a" between thezer- 
w oth order light 5a and the positive (negative) first order 
diffraction light 5b (5c) of the edge emphasis type 
phase shift reticle; the two diffraction lights 4c and 4d 
of the frequency modulation type phase shift reticle 
have an amplitude ratio (light quantity ratio) of 1:1, 
15 while on the other hand the zeroth order diffraction 
light 5a and the positive (negative) first order diffrac- 
tion light 5b (5c) of the edge emphasis type phase 
shift reticle similarly have an amplitude ratio of 1:1. It 
is to be noted here that the amplitude ratio of an edge 
20 emphasis type phase shift reticle is determined by the 
linewidth of a pattern concerned and the width of a 
phase shift film concerned; and that the width of the 
phase shift film is optimized in relation to the linewidth 
so as to attain an amplitude ratio of 1:1 between the 
25 zeroth order light and the positive (negative) first or- 
der light. And, the applicants have found that: if the il- 
lumination is controlled so that for a spatial frequency 
of a linewidth RP concerned, for example, a linewidth 
of a kt factor of about 0.5 (RP - k v X/NA where X is the 
30 wavelength used and NA is the numerical aperture of 
the projection optical system), the diffraction light 
from an edge emphasis type phase shift reticle, pass- 
ing through the pupil 1 of the projection optical system 
7, is composed of zeroth order light and only one of 
35 positive first order light and negative first order light, 
then the diffraction lights distributed on the pupil 1 are 
at the same positions as those in the case of spatial 
frequency modulation type phase shift reticle. Thus, 
in an embodiment to be described below, illumination 
40 light is obliquely projected to reticle and, as a result of 
which, while using an edge emphasis type phase shift 
reticle, diffraction light distribution (spatial frequency 
distribution) simitar to that as attainable with a spatial 
frequency modulation type phase shift reticle is 
45 formed on the pupil. 

When illumination light is obliquely projected to 
an edge emphasis type phase shift reticle 41 (Figure 
5B) and it is imaged through the projection optical sys- 
tem 7 (Figure 1), there is formed on the pupil 1 a spa- 
so tial frequency distribution such as shown in Figure 3C. 
The pattern formed on this reticle 41 comprises re- 
peated longitudinal patterns (lines and spaces) of reg- 
ular intervals each extending in the longitudinal direc- 
tion as viewed in Figure 3. As a result of oblique inci- 
55 dence of illumination light, the zeroth order light 5'a is 
incident at a certain position within the pupil, deviated 
from the center of the pupil, the first order diffraction 
light 5'b is incident at a position outside the pupil 1, 



BNSDOCID: <EP 0526242 A 1 I > 



7 EP 0 526 242 A1 8 



and the negative first order diffraction light 5'c is inci- 
dent at a certain position within the pupil, tf the radius 
of the pupil is standardized to 1 and the linewidth RP 
of the repeated linear pattern is RP = k r X/NA, then the 
spacing "a" between the zeroth order light and the 
positive (negative) first order light, on the pupil, is giv- 
en by an equation a = 1/2^. Thus, if k-, = 0.5, then a 
= 1, and the zeroth order light and the positive (neg- 
ative) first order light are spaced from each other by 
a distance corresponding to the radius 1 of the pupil. 
The longitudinal and transverse lines depicted in Fig- 
ures 3A - 3C correspond to y and x axes of an x-y co- 
ordinate system with an origin coinciding with the cen- 
ter of the pupil, and the y and x axes of the x-y coor- 
dinate system are set in accordance with the direc- 
tions along which the longitudinal and transverse pat- 
terns of an integrated circuit pattern extend. 

Figure 3A shows a spatial frequency distribution 
on the pupil 1 in a case where illumination light is pro- 
jected obliquely to a conventional reticle and it is im- 
aged through the projection optical system 7 (Figure 
1). Figure 3B shows a spatial frequency distribution 
on the pupil 1 in a case where illumination light is pro- 
jected perpendicularly to a frequency modulation type 
phase shift reticle, the same as that shown in Figure 
2 B, and it is imaged through the projection optical sys- 
tem 7 (Figure 1). These are illustrated, for compari- 
son. 

Symmetrical disposition of diffraction lights on 
the pupil 1 . with reference to the y axis, such as shown 
in Figure 3C, assures optimization of defocus charac- 
teristic of the longitudinal pattern of a linewidth RP 
corresponding to an arbitrary value of k,. Thus, as 
seen from Figures 3B and 3C, in a sense that a pair 
of diffraction lights of the same intensity (amplitude) 
pass through the pupil 1 , the case of Figure 3B where- 
in a frequency modulation type phase shift reticle is 
illuminated perpendicularly and the case of Figure 3C 
wherein an edge emphasis type phase shift reticle is 
illuminated obliquely with a certain angle, are fully 
equivalent to each other. For this reason, if illumina- 
tion light is obliquely projected to the edge emphasis 
type phase shift reticle of Figure 5B so that the spatial 
frequency distribution as shown in Figure 3C are pro- 
duced on the pupil, then, for a longitudinal linear pat- 
tern of a linewidth RP corresponding to an arbitrary 
value of k n (e.g. k, = 0.5), the edge emphasis type 
phase shift reticle can provide substantially the same 
performance as of the frequency modulation type 
phase shift reticle. This is also the case with the im- 
aging on the pupil 1 of the repeated transverse pattern 
extending along the x axis. In the case of the conven- 
tional reticle, since the zeroth order light and the first 
order light have different intensities, the effect of ob- 
lique light projection does not produce a result equiv- 
alent to that of the edge emphasis type phase shift re- 
ticle. Namely, because the intensity ratio of diffraction 
lights passing through the pupil 1 is different, the con- 



trast of an image in the case of conventional reticle 
would be reduced by about 10 % as compared with 
that in the case of the edge emphasis type phase shift 
reticle. 

5 As shown in Figure 5A, as regards the imaging of 

the longitudinal pattern described with reference to 
Figure 3, the zeroth order diffraction light and the first 
order diffraction light which are paired on the pupil 1 
functions equivalently, such as in the pair of 5p and 
10 5p', the pair of 5q and 5q' and the pair of 5s and 5s'. 
In Figure 5A, each character without dash denotes 
zeroth order light which each character with dash de- 
notes first order diffraction light. Namely, when an x- 
y coordinate system similar to that of Figure 3 is de- 
15 fined in Figure 5A, pairs of zeroth order light and first 
order light incident on those positions having the 
same x-axis coordinate in the x-y coordinate system 
while the first order tight also pass through the pupil, 
provide the same effect in respect to the imaging of 
20 the longitudinal pattern. Similar relationship applies to 
the imaging of the transverse pattern, and pairs of zer- 
oth order light and first order light incident on those 
positions having the same y-axis coordinate in the x- 
y coordinate system while the first order light also 
25 pass through the pupil, provide the same effect in re- 
spect to the imaging of the longitudinal pattern. Thus, 
as has been described with reference to Figure-3, if 
the zeroth order light and the first order light are dis- 
tributed on the pupil 1 of the projection optical system 
30 7 (Figure 1) at those positions which are symmetrical 
with respect to the y axis of the x-y coordinate system 
(in the case of longitudinal pattern) or the x axis of the 
x-y coordinate system (in the case of the transverse 
pattern), then optimum illumination and imaging for 
35 longitudinal and transverse patterns of a certain line- 
width RP is assured. Since this effect applies also to 
longitudinal and transverse patterns of a linewidth 
near the optimized linewidth RP, it is possible to im- 
prove the defocus characteristic in the linewidth range 
40 in which the resolution is to be considered, by adjust- 
ing the spatial frequency to the linewidth of a spatial 
frequency near k^ = 0.5, for example. 

The applicants thus proposes to apply the oblique 
illumination method to an edge emphasis type phase 
45 shift reticle 41 such as shown in Figure 5B, by which 
zeroth order light and f irst order light having substan- 
tially the same intensity are produced on the pupil 1 
and, additionally, the zeroth order light and the first or- 
der light are distributed symmetrically with respect to 
so the y axis of the x-y coordinate system (for a longitu- 
dinal pattern) or to the x axis of the x-y coordinate sys- 
tem (for a transverse pattern), by which further im- 
provement in the defocus characteristic in the imaging 
of longitudinal and transverse patterns of a linewidth 
55 RP is assured. Here, the oblique illumination means 
the illumination based on the light which forms an ef- 
fective light source (zeroth order light) whose intensity 
at a peripheral portion of the pupil 1 (off the optical 
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axis) is sufficiently larger than that at the central por- 
tion of the pupil. More particularly, in this illumination, 
the edge emphasis type phase shift reticle 41 is illu- 
minated with the light as supplied by a primary light 
source or a secondary light source having the gravity 
center of intensity distribution set of f the axis of the im- 
aging system. 

When an imaging system is optimized to a line- 
width RP determined by a certain k 1t the edge empha- 
sis type phase shift reticle 41 may be such that as 
shown in Figure 5B the width a of a portion of a phase 
shift film 41c extending beyond a light blocking por- 
tion 41 b formed of chromium on a glass substrate 41a 
is set to be about 0.1 k^NA, when converted with re- 
spect to the image plane (wafer surface). This effect 
applies also to a pattern of a linewidth near this opti- 
mized linewidth RP, if a phase shift film with the width 
a set to about O.lk^NA is formed, and thus further 
improvement in the defocus characteristic is assured. 

Referring to Figures 1 and 5B and based on Fig- 
ure 6, a first embodiment of the present invention will 
be explained. In this embodiment, the edge emphasis 
type phase shift reticle 41 of Figure 5B is illuminated 
with tight which forms an effective light source such 
as shown in Figure 6A, and an image of fine longitu- 
dinal and transverse patterns formed on the reticle 41 
is projected through the projection optical system 7 of 
Figure 1. The projection optical system 7 comprises 
a reduction lens system having a design wavelength 
of i-line light (365 nm) and an NAof 0.5, and the reticle 
41 is illuminated with the light as supplied by a sec- 
ondary light source having a gravity center of intensity 
distribution set off the axis of the projection optical 
system 7. In this embodiment, the amount a of over- 
hanging of the phase shift film 41c of Figure 5B be- 
yond the edge of the light blocking portion 41b is 
0.044 micron when converted with respect to the im- 
age plane (wafer surface). Since the secondary light 
source is formed at a position optically conjugate with 
the pupil 1 of the projection optical system 7, the 
shape of the secondary light source is analogous to 
that of the effective light source. 

Figure 6A shows the effective light source as 
formed on the pupil 1 of the projection optical system 
7 of Figure 1, by the light which illuminates the reticle 
41 of Figure 5B. In Figure 6A. an x-y coordinate sys- 
tem such as described hereinbefore is set with the ori- 
gin disposed coincident with the center of the pupil. 
The y axis of the x-y coordinate system corresponds 
to (or is parallel to) the elongating direction of a long- 
itudinal pattern of the reticle 41 , while the x axis of the 
x-y coordinate system corresponds to (or is parallel 
to) the elongating direction of a transverse pattern of 
the reticle 41. The effective light source 41 of Figure 
6A comprises, when observed macroscopically, four 
regions (light source portions) disposed in positive 
and negative 45-deg. directions from the center of the 
pupil, each region being located in corresponding one 



of four quadrants of the x-y coordinate system. If the 
radius of the pupil is denoted by 1, then each of the 
regions in the first to fourth quadrants defines a circle 
of a radius of 0.2, and the centers of these circles are 
5 at the coordinates (0.35, 0.35), (-0.35, 0.35), (-0.35, - 
0.35) and (0.35, -0.35), respectively. The reason why 
this is in a macroscopic sense is that, in a practical 
system, each region of the effective light source can 
be seen as a single region as observed macroscopi- 
10 cally, but if it is observed microscopically, there may 
appear shapes of small lenses of an optical integrator, 
for example, forming the secondary light source. 

The result of computer simulation made to the fre- 
quency characteristic of the imaging system of this 
15 embodiment, is shown in Figure 6B. Solid line A in the 
drawing depicts the frequency characteristic in a case 
where a conventional reticle is imaged with light that 
forms the effective light source of Figure 6 A, and 
broken line B depicts the frequency characteristic of 
20 this embodiment Solid line C depicts the frequency 
characteristic in a case where a conventional reticle 
is illuminated perpendicularly under the condition that 
cr = 0.5. It is seen from Figure 6B that, where the prac- 
tical resolution limit is taken as providing a depth of fo- 
25 cus of the projection lens system not less than 1 .5 mi- 
cron, the resolution limit of 0.52 micron (broken line C) 
can be improved to 0.37 micron (solid line A) by ap- 
plication, to a conventional reticle, of the illumination 
using the light that forms an effective light source 
30 such as shown in Figure 6A. Also, it is seen that, with 
the combination of an edge emphasis type phase shift 
reticle and the illumination using the light that forms 
the effective light source of Figure 6A (as in the pres- 
ent embodiment), the resolution limit can be improved 
35 to 0.33 micron (solid line B). On the other hand, com- 
paring the depth of focus of the projection lens system 
while paying attention to a linewidth 0.35 micron, the 
depth of focus of 0.5 micron (conventional) can be im- 
proved to 1 . 1 micron by the application, to the conven- 
40 tional reticle, of the illumination using the light that 
forms the effective light source of Figure 6A. Also, 
with the combination of the edge emphasis type 
phase shift reticle and the illumination using the light 
that forms the effective light source of Figure 6A (as 
45 in the present embodiment), it can be improved con- 
siderably to 1.6 micron. Particularly, the resolution 
0.35 micron is the one that enables manufacture of 64 
MDRAM, and whether such resolution is attainable or 
not is very important. The capability of forming a pat- 
50 tern of 0.35 micron through a projection lens system 
of N A of 0.5 and using i-line, as in the present embodi- 
ment, directly leads to a possibility of using a projec- 
tion lens system of a currently commercially available 
semiconductor device manufacturing projection ex- 
55 posure apparatus (stepper) for manufacture of 
DRAMs of 64 megabit or more. 

When the effective light source is to be formed 
with the center (light quantity gravity center) of each 
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region of the effective light source being located in the 
positive or negative 45 deg. direction from the pupil 
center with respect to the x-y coordinate system of the 
pupil, it is desired that if the radius of the pupil is taken 
as 1 the distance of the center of each region from the 
pupil center is within the range of 0.35 - 0.8. It is not 
always necessary that these regions are separate 
and isolated. They may be continuous. In that occa- 
sion, it is preferable that one region of the effective 
light source is connected to an adjacent region at its 
corner of a rectangular (square) shape having its cen- 
ter coinciding with the pupil center. Also, in that occa- 
sion, the overhanging amount a of the phase shift film 
41c of the edge emphasis type phase shift reticle 41 , 
beyond the light blocking portion 41b, should be not 
greater than about Q2X/H A (converted with respect to 
the image plane (wafer surface)), from the viewpoint 
of the I i new kith aimed at. 

Figure 8 shows a second embodiment of the pres- 
ent invention. In this embodiment, the light that forms 
an effective light source such as shown in Figure 8A 
is used to illuminate the edge emphasis type phase 
shift reticle 41 shown in Figure 5B, and an image of 
fine longitudinal and transverse pattern formed on the 
reticle 41 is projected through the projection optical 
system 7 of Figure 1. The projection optical system 7 
comprises a reduction lens system of NA of 0.5, hav- 
ing a design wavelength of Mine (365 nm), and the re- 
ticle 41 is illuminated with the light supplied from a 
secondary light source having its intensity distribution 
gravity center located off the axis of the projection opt- 
ical system 7. In this embodiment, the overhanging 
amount a of the phase shift film 41c of Figure 5B, be- 
yond the edge of the light blocking portion 41b, is 
0.044 micron, as converted with respect to the image 
plane (wafer surface). 

The effective light source shown in Figure 8B has 
a rectangular (square) shape with a "hollow" intensity 
distribution wherein the intensity at the center is low. 
In Figure 8B, if the radius of the pupil is taken as 1, 
the length of each side of the inside rectangular per- 
iphery is in a range of 0.3 - 0.9 while the length of each 
side of the outside rectangular periphery is in a range 
of 0.6 - 1.8. The centers of the inside and outside rec- 
tangles coincide with the pupil center (origin of x-y co- 
ordinate system). The direction of each side of the in- 
side and outside rectangular peripheries is in parallel 
to the x axis (direction of a transverse pattern) or the 
y axis (direction of a longitudinal pattern) of the x-y co- 
ordinate system set in alignment with the major direc- 
tions of the integrated circuit pattern of the reticle 41 . 
Here, the configuration of the effective light source of 
this embodiment such as above is the one when it is 
seen macroscopically. 

The result of computer simulation made to the fre- 
quency characteristic of the imaging system of this 
embodiment, is shown in Figure 7B. Solid line A in the 
drawing depicts the frequency characteristic in a case 
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where a conventional reticle is imaged with light that 
forms the effective light source of Figure 7A, and 
broken line B depicts the frequency characteristic of 
this embodiment. Solid line C depicts the frequency 
5 characteristic in a case where a conventional reticle 
is illuminated perpendicularly under the condition that 
a = 0.5. It is seen from Figure 7B, particularly from 
comparison of lines A, B and C, that, where the prac- 
tical resolution limit is taken as providing a depth of fo- 
10 cus of the projection lens system not less than 1 .5 mi- 
cron, in this embodiment the resolution limit can be 
improved near to 0.33 micron, like the first embodi- 
ment, by the combination of an edge emphasis type 
phase shift reticle and the illumination using the light 
15 that forms the effective light source of Figure 7 A. On 
the other hand, comparing the depth of focus of the 
projection lens system while paying attention to a line- 
width 0.35 micron, with the combination of the edge 
emphasis type phase shift reticle and the illumination 
20 using the light that forms the effective light source of 
Figure 7A, in the present embodiment it can be im- 
proved considerably to 1.6 micron, like the first em- 
bodiment. Thus, also in this embodiment, both the 
depth of focus and the resolution can be improved 
25 considerably in the high frequency region. As a result, 
with the combination of an edge emphasis type phase 
shift reticle and the illumination using the light that 
forms an effective light source such as shown in Fig- 
ure 7 A, it becomes possible to form a pattern of 0.35 
30 micron through a projection lens system of NA of 0.5, 
using i-line. 

As regards the shape of the effective light source 
of this embodiment, when in Figure 7A the length of 
each side of the outside rectangular periphery is tak- 
35 en as 2a while the length of each side of the inside rec- 
tangular periphery is taken as 2b and the radius of the 
pupil is taken as 1, the quantity (a+b)/2 should prefer- 
ably be in the range of 0.25 - 0.6. Also, the overhang- 
ing amount a of the phase shift film 41c of the reticle 
40 41, beyond the light blocking portion 41b, should be 
not greater than 0.2X/NA (converted with respect to 
the image plane (wafer surface)), from the viewpoint 
of the linewidth aimed at. 

As regards the shape of the effective light source 
45 usable in the present invention, there may be many 
varieties other than those shown in the first and sec- 
ond embodiments. An example may be an effective 
light source of ring- 1 ike shape with its center coincid- 
ing with the pupil center. 
50 Figure 4 shows an embodiment of a semiconduc- 

tor device manufacturing projection exposure appara- 
tus that uses the method of the present invention. 

Ultra-high pressure Hg lamp 11 has its arc placed 
at a first focal point of an elliptical mirror 12. Light 
55 emanating from the Hg lamp 11 is reflected by the el- 
liptical mirror 12 and then by a deflecting mirror 13, 
and it is focused in the neighbourhood of a second fo- 
cal point of the elliptical mirror 12. Light entrance end 
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of a fiber bundle 15 is disposed adjacent to the sec- 
ond focal point, and a shutter 14 is placed just in front 
of the fiber bundle 1 5. The fiber 15 has a light exit end 
adjacent to which a light entrance end of an optical rod 
1 6 is placed. The optical rod 16 serves to transmit (dif- 5 
fuse) the light from the fiber bundle 1 5 so as to trans- 
form non-uniform light intensity distribution, at the 
light exit end of the fiber bundle 15, to uniform light in- 
tensity distribution at the light exit end of the rod. Dis- 
posed at the side of the light exit end of the optical rod 10 
16 is an intensity adjusting member 17 and, after it, a 
wavelength selecting filter 18 is placed. While the fib- 
er bundle 15 has a single light entrance surface, its 
light exit surface is divided into four sections. The opt- 
ical rod 16 comprises four rods 16a - 16d correspond- 15 
ing to the four sections of the fiber bundle 1 5, respec- 
tively. The rods 16c and 16d are not illustrated in Fig- 
ure 4. Also, the intensity adjusting member 17 com- 
prises four elements corresponding to the four rods 
1 6a - 1 6d, but only two of them are illustrated. 20 

In the apparatus of this embodiment, the edge 
emphasis type phase shift reticle 41 shown in Figure 
5B is illuminated with the light that forms, on the pupil 
of the projection lens system 42, an effective light 
source such as shown in Figure 6A, and an image of 25 
the circuit pattern of the reticle is projected. Namely, 
the image projection method having been described 
with reference to the first embodiment is applied. It is 
important that the regions of the effective light source 
defined in the four quadrants (see Figure 6A) of the 30 
pupil of the projection lens system 42 have a substan- 
tially even intensity ratio. This is because, if the four 
regions of the effective light source have an imbal- 
ance of 5% or more in respect to the intensity ratio, 
there occurs distortion of image in the defocused 35 
state. The intensity adjusting member 17 serves to 
adjust the intensity ratio of the regions of the effective 
light source, and the four elements of it may comprise 
ND filters of variable density, interference filters of va- 
riable tilt angle, or the like. They serve to adjust the 40 
relative intensity ratio of the lights emanating from the 
four rods to thereby suppress the imbalance of the in- 
tensity ratio of the four sections of the effective light 
source, to not greater than 5%. The light from each 
element of the intensity adjusting member 1 7 goes 45 
through the wavelength selecting filter 18 and enters 
an optical integrator 19. The wavelength selecting fil- 
ter 18 serves to selectively transmit i-line (365 nm) of 
the light from the Hg lamp 11, such that it provides ex- 
posure light of narrow bandwidth. 50 

The optical integrator 19 comprises a combina- 
tion of small lenses, and it serves to form, with the four 
lights incident on it light entrance surface, a second- 
ary light source having a shape analogous to the 
shape of the effective light source of Figure 6A, 55 
wherein the secondary light source is formed in the 
neighbourhood of the light exit surface of the integra- 
tor. The position whereat the secondary light source 



is formed is optically conjugate with the pupil of the 
projection lens system 42 and, through the operation 
of the optical rod 16, each of the four regions of the 
secondary light source has a substantially uniform in- 
tensity distribution. Aperture stop 20a has four open- 
ings corresponding to the shape of the secondary 
light source formed by the optical integrator 19, and 
it serves to further rectify the shape of the secondary 
light source as formed by the integrator 19. The stop 
20a may be placed in front of the integrator 1 9 or at a 
position optically conjugate with the position illustrat- 
ed. 

Relay lens system 35 and an aperture stop 20b 
which are in the neighbourhood of the optical integra- 
tor 19 are provided to change the manner of illumina- 
tion in accordance with the type of a reticle to be in- 
troduced into the apparatus. This is because those of 
the semiconductor device manufacturing processes 
which require a high resolution are practically about 
one-third of the total processes and, in the remaining 
processes, a sufficiently sharp pattern image can be 
projected by using the conventional illumination meth- 
od and conventional reticles. When a conventional re- 
ticle is to be introduced into the apparatus, the optical 
system from the fiber 15 to the adjusting member 17 
is demounted and the relay lens system 35 is mount- 
ed thereat. Additionally, the aperture stop 20a is re- 
placed by the aperture stop 20b. Such replacement 
may be made automatically or manually. The relay 
lens system 35 is arranged to re-focus the arc image 
of the elliptical mirror 12, formed at the second focal 
point of the mirror 12, upon the light entrance surface 
of the optical integrator 19 through the wavelength se- 
lecting filter 18, such that on the light entrance sur- 
face of the integrator 1 9, a single light beam having a 
Gaussian intensity distribution wherein the intensity is 
higher at the center (optical axis) than at a peripheral 
portion (off the axis) is incident Thus, the aperture of 
the stop 20b has a circular shape defined about the 
optical axis. The relay lens system 35 may be struc- 
tured so as to place the light exit surface (opening) of 
the elliptical mirror 12 and the light entrance surface 
of the optical integrator 19 in an optically conjugate re- 
lationship. 

Denoted at 21 is a mirror for deflecting the path 
of light passing through the aperture of the stop 20a, 
and denoted at 22 is a lens system for projecting the 
light reflected by the mirror 21 to a half mirror. This 
lens system 22 plays an important role in controlling 
the uniformness of the illuminance distribution upon 
the reticle 41. A portion of the light from the lens sys- 
tem 22 is reflected by the half mirror 23, and this por- 
tion is directed by a lens 29 to another half mirror 30. 
By this half mirror 30, the light is further bisected, and 
split light beams are directed to corresponding two 
photoelectric detectors 31 and 32, separately. The 
photoelectric detector 31 comprises an intensity dis- 
tribution detector provided by a CCD, for example, for 
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monitoring the intensity distribution or shape of the 
secondary light source. On the basis of an output sig- 
nal from the detector 31 ( the adjustment of the regions 
of the secondary light source through the elements of 
the intensity adjusting member 1 7 is executed. On the 
other hand, the photoelectric detector 32 is a compo- 
nent of what can be called an integration exposure 
meter for monitoring the amount of exposure during 
the exposure operation. On the basis of an output of 
the detector 32, the opening and closing of the shutter 
14 is controlled, for control of the exposure amount. 
The half mirror 30 may be replaced by an ordinary 
mirror and the path of light from the lens system 22 
may be selectively changed to the detector 31 side or 
to the detector 32 side, between the adjustment of the 
secondary light source and the exposure operation. 

The portion of the light from the lens system 22 
that passes the half mirror 23, illuminates a blade 24 
which is a field stop. The blade 24 comprises a mask- 
ing blade having an aperture whose shape can be ad- 
justed by a mechanical adjusting means, and it serves 
to block a desired portion of the light from the lens sys- 
tem 22 against impingement of the same on the reticle 
41. The aperture of the blade 24 is in an optically con- 
jugate relationship with the surface of the reticle on 
which the circuit pattern is formed. The aperture edge 
position of the blade 24 is adjusted by a driving system 
(not shown) in accordance with the size of the inte- 
grated circuit pattern area of the reticle 41 to be ex- 
posed. Denoted at 25 is a mirror, denoted at 26 is a 
lens system, denoted at 27 is another mirror, and de- 
noted at 28 are another lens system. Through these 
elements (25 - 28), the light from the secondary light 
source as formed by the optical integrator impinges 
and illuminates the reticle 41 which is placed on a re- 
tide stage 51 . Also, these elements (25 - 28) serve to 
project an image of the aperture of the blade 24 upon 
the reticle 41 and, additionally and through cooper- 
ation with some lens or lenses of the projection lens 
system 42, they serve to project an image of the sec- 
ondary light source (aperture stop 20a) upon the pupil 
of the projection lens system 42. This image of the 
secondary light source projected on the pupil is what 
having been called an "effective light source", and this 
has a light quantity distribution such as shown in Fig- 
ure 6A. 

The projection lens system 42 comprises a lens 
assembly designed mainly with reference to light of i- 
line. It serves to project a reduced image of the circuit 
pattern of the reticle 41 on a wafer 43 to thereby trans- 
fer the circuit pattern to a resist applied to the wafer 
43. Semiconductor chips can be manufactured from 
the wafer 43 having circuit patterns transferred in this 
manner. The wafer 43 is attracted to a wafer chuck 44, 
and it is placed on a stage 45 whose position with re- 
spect to an x-y coordinate system can be controlled 
by means of laser interferometers (not shown) and a 
driving system (not shown). The stage 45 can operate 



to move the wafer chuck 43 in the direction of the opt- 
ical axis of the projection lens system 42 and also to 
tilt the wafer chuck 43, so as to focus the wafer 43 sur- 
face on the image plane of the projection lens system 
5 42. Denoted at 49 is a reflecting mirror for a laser in- 
terferometer fixedly mounted on the wafer stage 45. 

Denoted at 46 is a photoelectric detection unit 
mounted on the stage. The unit 46 has pinholes 46a 
and 46b as well as photoelectric detectors 47 and 48 
10 corresponding to these pinholes, respectively. The 
photodetector 47 serves to measure the quantity of 
light passing through the pinhole 46a, for measure- 
ment of non-u nrformness on the image plane of the 
projection lens system 42, for example. On the other 
15 hand, the photodetector 48 is provided for the same 
sake as of the photoelectric detector 31 , and it com- 
prises an intensity distribution detector such as a 
CCD, for example, for measuring the light quantity 
distribution of the effective light source upon the pupil, 
20 actually through the intervention of the projection lens 
system 42. Thus, the adjustment of the regions of the 
effective light source (secondary light source) with 
the elements of the intensity adjusting member 17 
may be executed by using the output of the photoelec- 
25 trie detector 48 at the stage 45 side. Also, the output 
of the photoelectric detector 48 may be used to cali- 
brate the adjustment of the intensities of the regions 
of the secondary light source by the photoelectric de- 
tector 31 at the illumination system side. Figure 8A 
30 shows the secondary light source as the optical inte- 
grator 19 is seen through the aperture stop 20a. 
Hatched portions in Figure 8A depict the portions 
blocked by the stop 20a, and rectangular blank por- 
tions correspond to the openings of the stop 20a. 
35 Each of small squares constituting one blank portion 
corresponds to one of the small lenses (their sec- 
tions) constituting the optical integrator 19. The inte- 
grator 19 may be formed by a combination of small 
lenses each having a hexagonal or circular sectional 
40 shape. As in the preceding embodiment, also in Fig- 
ure 8 A, the longitudinal direction as viewed in the 
drawing corresponds to the y axis of the x-y coordin- 
ate system, and the transverse direction corresponds 
to the x axis of the x-y coordinate system. The origin 
45 of the x-y coordinate system coincides with the center 
as viewed in the drawing, namely, the center (optical 
axis) of the optical integrator 19. The x and y axes of 
the x-y coordinate system are set in alignment with 
the axes of the orthogonal coordinates used in the de- 
50 sign of the circuit pattern of the reticle 41. These di- 
rections correspond to the directions of elongation of 
longitudinal and transverse linear patterns, respec- 
tively, mainly by which the circuit pattern of the reticle 
41 is defined. It may be said that these directions cor- 
55 respond to the longitudinal and transverse directions 
of the outside periphery of the reticle 41 which has a 
square shape. Further, in Figure 8A, the outside circle 
depicts a circle which corresponds to the pupil of the 
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projection lens system. As shown in Figure 8A, when 
an effective light source having a certain light quan- 
tity distribution is to be actually provided, it is restrict- 
ed by the sectional shape of each small lens of the 
optical integrator 19 and/or the outside general shape 
of it. Thus, if the optical integrator 19 is provided by 
four small lens groups such as shown in Figure 10, 
then, in order to attain the effective light source such 
as in the first embodiment, it is necessary to take 
some measures to assure that light does not pass 
through the hatched portions in Figure 8A. For this 
reason, in this embodiment, the arrangement shown 
in Figure 8A is adopted to attain the effective light 
source shown in Figure 6A. Generally, in an illumina- 
tion system for providing a high resolution, the size of 
the optical integrator 19 may be larger than that re- 
quired in a conventional illumination system, and it 
may be more advantageous if the outside peripheral 
portion of the illumination system having a larger view 
angle is usable. For example, when the largest view 
angle of the illumination system is taken as 1 , in a con- 
ventional illumination system it may be preferable to 
use an optical integrator of a radius not greater than 
0.5; whereas in an illumination system for high reso- 
lution it may be preferable to use an optical integrator 
1 9 having its small lenses distributed within a circle of 
a maximum radius 0.8, although those small lenses 
disposed in the central portion are not used. Thus, in 
the present embodiment, the size of the optical inte- 
grator as well as the effective diameter of the other 
portion of the ilumination system are set while taking 
into account both of such a conventional type illumin- 
ation system and a high-resolution type illumination 
system (i.e. to be used in both cases). 

In the apparatus of this embodiment, in accor- 
dance with the type of a reticle to be used, an illumin- 
ation system corresponding to the reticle concerned 
can be selected. This makes it possible to provide an 
exposure optical system best suited to the parameters 
(such as minimum linewidth, for example) of the cir- 
cuit pattern. The selection of the illumination system 
may be made automatically by, for example, reading 
the linewidth information recorded in the form of bar 
code on the reticle by using a bar code reader or the 
like and by inputting the information into the control 
computer of the apparatus. 

There may be a problem in relation to changing 
the illumination system, i.e., a possibility that the illu- 
minance distribution on the reticle shifts with the 
changing. If this occurs, the illuminance distribution 
can be adjusted finely by adjusting the lens system 
22. Such fine adjustment of the illuminance distribu- 
tion can be done by changing the interval or intervals 
of the lenses constituting the lens system 22, along 
the optical axis of the lens. Alternatively, the lens sys- 
tem 22 may be replaced by a separate lens system 
prepared beforehand. In that occasion, plural lens 
systems like the lens system 22 may be prepared and 



they may be used interchangeably in accordance with 
the type of a reticle used. 

In the present embodiment, an effective light 
source such as shown in Figure 6A is formed on the 
5 pupil of the projection lens system 42 and, in accor- 
dance with the method described with reference to the 
first embodiment, an image of a circuit pattern of an 
edge emphasis type phase shift reticle is projected. 
However, it is easy to modify the structure so that an 
10 effective light source such as shown in Figure 7A is 
formed on the pupil of the projection lens system 42 
and the image of the circuit pattern of the edge em- 
phasis type phase shift reticle is projected in accor- 
dance with the method described with reference to the 
15 second embodiment. In order to practice the method 
of the second embodiment, as an example a light (re- 
versal Gaussian distribution) having a higher intensity 
at its peripheral portion than at its central portion may 
be projected to the optical integrator 19 while, on the 
20 other hand, an aperture stop effective to define the 
secondary light source of Figure 8B may be placed 
just after the optical integrator 19. 

Figures 9 and 10 are fragmentary schematic 
views each showing a modified form of the Figure 4 
25 apparatus. In these drawings, like numerals as of 
those of the Figure 4 are assigned to corresponding 
elements. Further, since those elements disposed be- 
low the reticle 41 are similar to those of Figure 4, they 
are not illustrated in these drawings. 
30 An important feature of the Figure 9 apparatus re- 

sides in that the optical integrator 19 itself is changed 
in response to changing the illumination condition in 
accordance with the type of a reticle to be used. This 
can widen the latitude in respect to the placement of 
35 small lenses constituting the optical integrator 1 9. The 
widened latitude of placement of the small lenses ap- 
pears in Figure 9 as separately disposed small lens 
groups of the optical integrator 19. Like the Figure 4 
apparatus, the elements of the optical rod 16 corre- 
40 spond to the lens groups of the optical integrator 1 9. 
Among the small lenses of each lens group corre- 
sponding to one rod, uniform illuminance is attained. 
This contributes to uniformizing the intensity distribu- 
tion of a partial secondary light source (effective light 
45 source) defined by this lens group. Denoted in Figure 
9 at 1 8' is a wavelength selecting filter of the illumin- 
ation system prepared for replacement and denoted 
at 1 9' is an optical integrator of the illumination system 
prepared to for replacement. The optical integrator 1 9' 
50 has essentially the same structure as of that shown 
in Figure 4. 

An important feature of the Figure 10 apparatus 
resides in that two light paths are defined partially in 
the illumination system and these two light paths are 
55 used interchangedly in accordance with the type of a 
reticle used and by insertion or extraction of mirrors 
13 and 21. The upper light path in Figure 10, being de- 
flected by the mirrors 13 and 21 , corresponds to the 

10 
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high-resolution illumination system to be used for an 
edge emphasis type phase shift reticle 41, while the 
lower light path being deflected by the mirrors 13' and 
21' corresponds to an ordinary illumination system to 
be used in a process in which only a resolution not 
lower than 1.0 (k^, for example, is required. Denoted 
at 36 in Figure 10 is a relay optical system. 

In the apparatuses shown in Figures 4, 8 and 9, 
only one Hg lamp 11 is used. However, plural light 
sources may be used. For example, in the apparatus 
of Figure 9, separate Hg lamps may be used in rela- 
tion to the pair of light paths. Further, in the appara- 
tuses of Figure 4, 8 and 9, the fiber bundle 15 may 
have a light exit surface of rectangular shape while, 
on the other hand, an aperture stop for defining the 
secondary light source of Figure 8B may be disposed 
just after the optical integrator 19. Thus, the shape of 
the fiber bundle 15 may be modified to assure en- 
hancement in the efficiency of light utilization. 

Since an edge emphasis type phase shift reticle 
can be applied to light of a wavelength 190 - 250, it is 
possible to provide an apparatus which includes a KrF 
or ArF excimer laser as a light source. When an exci- 
mer laser is used, the illumination system may be pro- 
vided with a scanning system, for example, for scan- 
ning with respect to time the optical integrator with an 
expanded laser light If laser light is inputted obliquely 
to an edge emphasis type phase shift reticle so as to 
form, with the scanning illumination using the laser 
light, an effective light source of Figure 6 A or 7 A on 
the pupH of the projection optical system, then the im- 
age projection method described with reference to the 
first or second embodiment is accomplished. 

Further, in the apparatuses shown in Figures 4, 
8 and 9, an image of a pattern of an edge emphasis 
type phase shift reticle is projected through the pro- 
jection lens system 42. However, it is possible to use 
a projection mirror system in place of the lens system, 
to project an image of the pattern of the edge empha- 
sis type phase shift reticle. 

As described hereinbefore, in the present inven- 
tion, an edge emphasis type phase shift reticle is illu- 
minated with light that forms on a pupil of a projection 
optical system an effective light source having a high- 
er intensity at a peripheral portion thereof than at its 
central portion, by which both the resolution limit of 
the projection optical system and the depth of focus 
in the neighbourhood of the resolution limit can be im- 
proved considerably. Namely, the present invention 
assures manufacture of 64 MDRAMs, while using an 
edge emphasis type phase shift reticle (which is easy 
to prepare) and making small modification to an ex- 
posure apparatus having a projection optical system 
with NA = 0.5 and a design wavelength of i-line (which 
is currently commercially available). 

While the invention has been described with ref- 
erence to the structures disclosed herein, it is not con- 
fined to the details set forth and this application is in- 



tended to cover such modifications or changes as 
may come within the purposes of the improvements 
or the scope of the following claims. 

5 

Claims 

1 . In an image projection method wherein a fine pat- 
tern of an original is illuminated and wherein dit- 
to fraction light caused by the fine pattern is project- 
ed to a pupil of a projection optical system, for pro- 
jection of an image of the fine pattern, the im- 
provements residing in preparing an edge em- 
phasis type phase shift reticle as the original, and 
15 illuminating the reticle with light which is effective 
to define on the pupil an effective light source 
having a higher intensity at its peripheral portion 
than at its central portion. 

20 2. A method according to Claim 1 , wherein the effec- 
tive light source comprises a ring-like effective 
light source having its center coinciding with the 
center of the pupil. 

25 3. A method according to Claim 2, wherein the effec- 
tive light source comprises a ring-like effective 
light source of substantially rectangular shape. 

4. A method according to Claim 2, wherein the ef fec- 
30 tive light source comprises a ring-like effective 

light source of substantially circular shape. 

5. A method according to Claim 1 , wherein, when an 
x-y coordinate system having its origin coinciding 

35 with the center of the pupil and having its x and y 

axes extending along directions of elongation of 
longitudinal and transverse patterns of the fine 
pattern, the original is illuminated with such light 
that defines an effective light source having light 

40 source portions disposed in four quadrants of the 

x-y coordinate system and having a higher inten- 
sity than at the center of the pupil and on the x and 
y axes. 

45 6. A method according to Claim 5, wherein adjacent 
ones of the light source portions defined in the 
four quadrants are positioned symmetrically with 
respect to one of the x and y axes of the x-y co- 
ordinate system. 

so 

7. A method according to Claim 6 wherein the light 
source portions in the four quadrants have sub- 
stantially the same intensity. 

55 8. In a semiconductor device manufacturing method 
wherein a circuit pattern of an original is illumin- 
ated and wherein diffraction light caused by the 
circuit pattern is projected on a pupil of a projec- 
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tion optical system and an image of the circuit pat- 
tern is projected on a wafer, whereby the image 
of the circuit pattern is transferred to the wafer, 
the improvements residing in preparing an edge 
emphasis type phase shift reticle as the original, 
and illuminating the reticle with light which is ef- 
fective to define on the pupil an effective light 
source having a higher intensity at its peripheral 
portion than at its central portion. 

9. A method according to Claim 8, wherein the effec- 
tive light source comprises a ring-like effective 
light source having its center coinciding with the 
center of the pupil. 

1 0. A method according to Claim 9, wherein the effec- 
tive light source comprises a ring-like effective 
light source of substantially rectangular shape. 

11. A method according to Claim 9, wherein the effec- 
tive light source comprises a ring-like effective 
light source of substantially circular shape. 

1 2. A method according to Claim 8, wherein, when an 
x-y coordinate system having its origin coinciding 
with the center of the pupil and having its x and y 
axes extending along directions of elongation of 
longitudinal and transverse patterns of the fine 
pattern, the original is illuminated with such light 
that defines an effective light source having light 
source portions disposed in four quadrants of the 
x-y coordinate system and having a higher inten- 
sity than at the center of the pupil and on the x and 
y axes. 

13. A method according to Claim 12, wherein adja- 
cent ones of the light source portions defined in 
the four quadrants are positioned symmetrically 
with respect to one of the x and y axes of the x-y 
coordinate system. 

1 4. A method according to Claim 1 2, wherein the light 
source portions in the four quadrants have sub- 
stantially the same intensity. 

15. In a semiconductor device manufacturing method 
wherein a circuit pattern of an original is illumin- 
ated and wherein diffraction light caused by the 
circuit pattern is projected on a pupil of a projec- 
tion optical system and an image of the circuit pat- 
tern is projected on a wafer, whereby the image 
of the circuit pattern is transferred to the wafer, 
the improvements residing in preparing an edge 
emphasis type phase shift reticle as the original, 
and illuminating the reticle obliquely so that zer- 
oth order diffraction light and first order diffraction 
light caused by the pattern of the reticle are dis- 
tributed on the pupil, symmetrically with respect 



to a predetermined axis, such that by using the 
zeroth order diffraction light and the first order dif- 
fraction light the image of the pattern of the reticle 
is projected. 
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